Several international agreements and conventions require nations to establish Marine Protected Area (MPA) networks as an approach to alleviating biodiversity declines; however, a common problem in planning MPA networks is how to balance conservation objectives against economic objectives. Here, using the distributions of 102 biodiversity features and 7 extractive uses we trial the systematic conservation planning software Zonation as a decision-support tool to facilitate progress towards New Zealand's commitment to establishing a representative network of MPAs while providing for economic development. Our results indicate that: (i) New Zealand's existing MPAs provide on average 70% less representation of the input biodiversity features than would be achieved by an MPA network of equivalent area designed from the outset using Zonation; (ii) small increases in the geographic extent of existing protection results in rapid increases in representation of the selected biodiversity features when systematic conservation planning software is used to inform expansion of existing protection; and (iii) the impacts on existing resource users of an expanded MPA system can be minimized by using Zonation to identify areas that increase biodiversity representation, while avoiding areas where existing uses may be incompatible with marine protection. These results demonstrate the utility of systematic conservation planning software as a decision-support tool within a broader social process for MPA network design and implementation. The iterative application of tools such as Zonation during participatory processes that balance alternative uses could potentially lead to more informed, efficient and socially enduring outcomes that enhance the ability to establish representative MPA networks.
Introduction
Human-impacted marine ecosystems are experiencing accelerating loss of populations and species from habitat decline, overfishing, and pollution at local to global scales (McCauley et al., 2015; Edgar et al., 2014; Costello and Baker, 2011; Worm et al., 2006; Jackson, 2008) , with these losses likely to have serious ecological, social and economic implications. Marine Protected Areas (MPAs) have been recognized as providing a necessary and effective contribution to alleviating these declines (Allison et al., 1998; Edgar et al., 2014; Lester et al., 2009) , with international agreements and conventions calling for the establishment of MPA networks (e.g. Convention on Biological Diversity Aichi Target 11). A common problem in planning protected area networks is how to minimize the cost of implementation to existing or future users while achieving conservation targets. In response, several decision support tools for systematic conservation planning have been developed in recent years to guide the location and design of protected area networks and balance the competing interests of conservation and multiple socio-economic costs (e.g., Marxan -Possingham et al., 2000; C-Plan -Pressey et al., 2009; Zonation -Moilanen et al., 2005) . Although these tools are increasingly used to ensure the representation of biodiversity features during MPA network design (e.g., Ban, 2009; Stewart et al., 2003; Stewart et al., 2007; Weeks et al., 2010) , they generally remain under-utilized in the context of assessing and minimizing the cost of MPA network implementation to existing or future users (although see Klein et al., 2008; Leathwick et al., 2008; Weeks and Jupiter, 2013) . This is partly due to a lack of technical understanding by stakeholders of their functionality and the potential benefits that they offer, which results in an unwillingness for them to be used as a decision support-tool during participatory processes. Not using decision-support tools that allow for transparency, efficiency and independence may make establishing MPAs more difficult and resource intensive where minimizing impacts on existing (and future) uses is likely to become more important.
New Zealand was one of the first countries in the world to develop marine protection legislation when it introduced the Marine Reserves Act in 1971, and recently the New Zealand government has proposed legislative reform for MPAs (Ministry for the Environment, 2016) . The objective of this legislative reform is to achieve a balance between opportunities for economic growth while meeting New Zealand's commitment to establishing a representative network of MPAs as a Party to the United Nations' Convention on Biological Diversity (CBD). Within this context, 'representative' describes the goal of protecting a full range of marine habitats and ecosystems at all organisational levels of biodiversity (as defined in CBD COP 9 Decision IX/20), whilst 'network of MPAs' describes multiple MPAs working together to increase the efficacy of the whole through connectivity. A network may include a range of protection levels, from those that prohibit extractive uses (i.e., fully 'no-take' MPAs) to those that allow sustainable and non-destructive uses ('partial protection' MPAs) (CBD COP 7 Decision VII/5). Working within this context, there is an opportunity to trial systematic conservation planning tools as a decision-support tool during the implementation of new MPA legislation in New Zealand, and in particular, to evaluate their ability to balance socio-economic and conservation objectives.
Over 22,000 km 2 of New Zealand's territorial sea (all marine areas inside of New Zealand's 12 nautical mile territorial limit) is currently protected in 44 full no-take MPAs (i.e., marine reserves) and 19 partially protected MPAs. These were planned independently using a combination of primarily benthic habitat data, local-scale recreational and commercial fishing information, and negotiation among stakeholders and government, and did not have a representative nationalscale MPA network in mind. Current protection equates to 12.38% of the territorial sea, with these areas unevenly distributed across New Zealand's 14 marine biogeographic regions, being predominantly located around remote offshore islands in the northern and southernmost extremes of the territorial sea. Although it is clear that New Zealand's current MPA system is not representative of the full range of marine habitats present in the territorial sea (Department of Conservation and Ministry of Fisheries, 2011), how well current MPAs represent biodiversity has never been formally evaluated. Our study expands on Leathwick et al. (2008) , who demonstrated how protected area planning tools can be used to evaluate the effectiveness of existing MPA systems, by assessing how they can contribute as a decision-support tool to inform the efficient expansion of existing MPA networks. Because new MPAs are currently identified in New Zealand using a participatory process (Department of Conservation and Ministry of Fisheries, 2005), we do not present spatial prioritizations for increases in existing marine protection, but rather present scenarios that demonstrate the benefits of using protected area planning tools both for biodiversity and for existing resource users. The specific objectives of this study were therefore to: (i) evaluate the efficiency of New Zealand's existing MPAs in protecting a representative range of selected marine biodiversity features; and (ii) evaluate the potential of protected area planning tools to effectively reduce spatial overlap between biodiversity protection and ongoing uses of marine resources during any future establishment of a representative network of MPAs in New Zealand.
Material and methods
We used the systematic conservation planning software Zonation (Moilanen et al., 2005; Moilanen, 2007) to analyse various MPA scenarios within the New Zealand territorial sea. We chose to use Zonation because it produces networks with high levels of connectivity and maximizes representation across all biodiversity features. It begins by assuming that the landscape is fully protected, and then progressively identifies and removes cells that cause smallest marginal losses in the representation of biodiversity features . Iteratively removing the cells with least value first leaves the cells with highest value until last, producing a nested hierarchical prioritization of the landscape based upon representation. These priority values can be used to identify those locations that contribute most to biodiversity representation. Information on the performance and stability of the solution is described by species performance curves, which display the fraction of the distribution for each biodiversity feature that is protected at each level of protection. Similarly, information describing impacts on existing resource users is described by performance curves displaying the fraction of activities that are displaced at each level of protection.
We performed all analyses using gridded data layers with a spatial resolution of 200 m that incorporated four data types: (i) marine biodiversity features; (ii) existing commercial resource uses; (iii) marine biogeographic regions; and (iv) existing marine protection (see Table 1 for descriptions of each dataset). A spatial resolution of 200 m was chosen because a fine scale classification of the territorial sea is required for the implementation of MPAs, which are currently as small as~1 ha. Recreational and cultural uses of the marine environment were excluded from this trial analysis. For the biodiversity features, we included three groups of readily available spatial data layers that together provide a description of New Zealand's marine biodiversity patterns. Two of these groups consisted of community-level data: a group of 15 Benthic Optimised Marine Environment Classification (BOMEC) layers; and a group of 16 demersal fish community classification layers. The third group of data layers described the spatial distributions of 71 inshore reef fish species (Table 1) .
Because connectivity of biodiversity features is a fundamental variable in spatial marine ecology (Botsford et al., 2001; Gaines et al., 2003; Levin, 1992; Palumbi, 2003; Warner, 1997) , and hence network design (Kelleher, 1999; ANZECC TFMPA, 1998) , we included two components of connectivity in our analyses. First, to account for metapopulation connectivity, we applied distribution smoothing (5 km radius) that is representative of the spatial scale at which we expect species to disperse and habitats to interact to a duplicate set of the BOMEC and demersal fish community groups (i.e., we used two copies of each BOMEC and demersal fish community group layer, with one smoothed, and one retained in its original form). Distribution smoothing places greater priority on populations in semi-continuous landscapes where there are high overall levels of occupation, resulting in removal of small isolated patches and an aggregation of high priority areas which are more likely to maintain populations due to lower levels of fragmentation (Moilanen et al., 2005; Moilanen and Wintle, 2006) . Second, we used matrix connectivity (Lehtomäki et al., 2009 ) settings in Zonation to allow connectivity between ecologically similar habitat types. Finally, to control the overall influence of smoothing on analysis outcomes, the BOMEC and demersal fish layers were given weights of 1 for their smoothed versions and 2 for their unsmoothed versions. The reef fish layers were left unsmoothed and given weights of 0.5. Overall, this resulted in higher weighting of the community-level layers than for the individual species layers, with combined weights of 45 for the BOMEC layers, 48 for the demersal fish community group layers, and 29.5 for the individual fish species layers. Higher weighting of community group data with greater species richness is generally acceptable (Leathwick et al., 2010) .
We included seven data layers to describe existing commercial resource uses (Table 1) : trawling; surface long-lining; bottom longlining; set-netting; active mineral licences; prospecting and exploration permits; and petroleum wells. We included an arbitrary 5 km buffer around the locations of petroleum wells to reduce the possibility of protected sites being located in their close proximity. Because of the high degree of local spatial variability in the fishing effort layers, we used a spatial smoothing routine centred on the start locations to allow calculation of average fishing intensity in the 200 m grid cells. We used smoothing radii that are reflective of the spatial scale at which each of the fishing methods occur: trawling = 5 km; surface long-lining = 10 km; bottom long-lining = 3 km; set netting = 3 km. We also included the non-smoothed versions of these layers with a zero weight, allowing the impacts of different protection designs on the various resource uses to be accurately assessed.
To acknowledge current bioregional approaches to MPA establishment within New Zealand's territorial sea, we included a layer identifying the fourteen marine biogeographic regions around New Zealand's coast (Ministry of Fisheries and Department of Conservation, 2008) . We utilized the Administrative Units (ADMU) function in Zonation to require an even balance between bioregional and national priorities in the final rankings.
To allow considerations of existing marine protection, we included the spatial distribution of New Zealand's existing MPAs as a removal mask (i.e., fully no-take marine reserves and partially protected marine areas including cable-exclusion zones and fishing restricted areas; see Table 1 ). The removal mask was used to hold back existing protected areas until all other locations had been removed from the analysis, forcing locations that are already protected to have the highest priority in the rankings. Rankings for sites outside of existing protected areas then indicate the priority for adding new sites to create a representative MPA network, conditional on their ability to complement sites that are already protected.
Using these datasets, we ran three sets of analyses: (1) a basic analysis using the biodiversity layers to maximize biodiversity representation for any level of protection, assuming that the design process is able to ignore existing marine protection; resource use layers were included in this analysis with a zero weight. (2) an existing protection analysis, set up as per the basic analysis, but with the addition of a removal mask identifying locations with existing marine protected areas; this allowed assessment of the biodiversity benefits delivered by existing protection, and the identification of priorities for inclusion in an expanded MPA network that improves biodiversity representation, conditional on existing protection; and (3) a series of resource use analyses using the existing protection analysis as a starting point. This was altered by progressively changing the relative weighting of resource use layers (− 1, −2, − 5, − 10, − 20, − 50). When negative weights are large they minimize impacts on existing resource users; therefore, increasing negative weights progressively constrains Zonation's ability to prioritize locations for protection that are important for existing use. This allows joint consideration of the distributions of biodiversity features and resource use activities during prioritization, and exploration of the range of trade-offs that are possible between biodiversity protection and existing resource use. To evaluate a range of impacts on existing users from potentially 'minor' to 'major', we report on increase of current MPA coverage to include an additional 10, 20, 30 or 40% of the territorial sea.
For each analysis, we specified the additive benefit function (Moilanen, 2007) as the cell removal rule, which takes into account all biodiversity features within a location and gives more weight to locations with greater numbers of biodiversity features, maximizing average performance over all biodiversity features. We also specified an edge removal rule so that cells from the edges of the remaining landscape were removed first, which increases the structural connec-tivity and decreases fragmentation of high quality locations within the landscape.
In summarizing the conservation benefits from the analyses above, we report on three metrics. (1) Comparisons of average representation within a given extent of landscape protection between the basic and existing protection analyses. Average representation is an aggregate measure of performance summarizing statistics describing the quality, extent, and spatial distributions of individual biodiversity features (Moilanen, 2007) . Comparisons between the basic and existing protection analyses indicate the efficiency of the existing protected sites, i.e., the average representation delivered by currently protected sites compared to what could be achieved if a protected area network of equivalent size were designed using systematic conservation planning tools alone. Further, examination of priority sites outside of current MPAs within the basic analysis indicate the marginal gains in representation that could be achieved through the systematic creation of new MPAs, given the biodiversity features currently protected within existing MPAs. (2) The representation of individual biodiversity features delivered by current MPAs compared to what could be achieved if an MPA network of equivalent size were designed using systematic conservation planning tools. In lieu of specific numerical targets for the representation of biodiversity features in New Zealand, we report on the range of minimum habitat-specific targets developed by Rondinini (2010) to ensure habitat examples within an MPA network are sufficiently represented to maintain long-term persistence (i.e., 10% and 40% representation within the MPA network). However, we add the caveat that these targets are used here for illustrative purposes only and may not be adequate from a patch-size perspective, or effective for sustained protection of all biodiversity features included in our analyses or objectives other than representativeness (e.g., threatbased objectives). (3) To identify how a systematic approach minimizes costs for existing users, we report on the average percent of existing resource use that is retained when the area of existing MPAs is expanded to include an additional 10, 20, 30 or 40% of the territorial sea. As for the conservation benefits, this is an average measure of performance calculated across the resource use layers.
Results
Results of our "basic analysis" indicate that average representation of the selected biodiversity features initially increases rapidly as the area of protection increases, but then begins to asymptote once protection reaches 25-30% of the territorial sea (Fig. 1) . For an area equivalent to New Zealand's existing MPAs (i.e., the 12.38% of the territorial sea), an MPA network designed using Zonation would provide on average 79% (S.E. = 3.2%) representation for the biodiversity features included in the analysis (measured as the average fraction of species' and communities' ranges protected). Conversely, New Zealand's existing MPAs provide on average 24% (S.E. = 3.4%) representation for the biodiversity features included in the analysis (as indicated by the "existing protection analysis" - Fig. 1 ). This is less than a third of the representation that would be achieved if an MPA network of equivalent area had been designed entirely using Zonation.
Relative to New Zealand's existing MPAs, approximately 20% more of the BOMEC and demersal fish classes, and 73% more of the coastal reef fish had at least 10% of their range protected within an MPA network of equivalent area designed using Zonation (Figs. 2 & 3) . Consequently, despite decreases in the representation of some individual biodiversity features in the MPA network designed using Zonation when compared to existing MPAs (e.g., BOMEC classes E, I, M and N; demersal fish classes 4 and 13: Fig. 2) , the use of Zonation increased overall representation.
Systematically increasing the existing MPA system, conditional on biodiversity features already protected, results in initially rapid increases in representation, which then begins to asymptote once 25-30% of the territorial sea is protected (Fig. 1) . For example, a 2% increase in the geographic extent of the existing MPA system could increase representation by as much as 34%. For the existing protection to provide an equivalent amount of representation to that which would have been achieved if a network had been designed from scratch using Zonation, at least an additional 5.7% of the territorial sea (or 10,147 km 2 ) would need to be protected (Fig. 1) . Results from our "resource use analysis" indicate that Zonation was able to successfully identify a range of trade-offs between biodiversity representation and retention of existing resource uses (Fig. 4) . For all four MPA expansion scenarios, small losses in biodiversity representation resulted in relatively large gains for existing resource users (Fig. 4) . For example, assuming a 10% increase in the geographic extent of existing protection, increasing the negative weighting of existing resource use from 0 to − 50 increased the average retention of existing uses by 7.8%, with corresponding average reduction in the representation of biodiversity features of 3.8% (Table 2 ; Fig. 4 ). This effect was more pronounced for larger increases in the size of the network. A 40% increase in network extent increased average retention of existing uses by 34%, with a corresponding 5.4% reduction in the average representation of biodiversity features (Table 2 ; Fig. 4 ).
Discussion
Results from our analysis indicate that the appropriate use of evidence-based MPA design tools could support the identification of a well-designed MPA network that minimizes impacts on existing resource users while protecting a representative range of biodiversity much more efficiently than has been achieved using the fragmented approaches employed to date to identify MPAs in New Zealand's Territorial Sea. Some of these gains may arise from the use of more comprehensive data (biodiversity and resource use) to which we had access for our analyses, but other gains are more likely to come from the demonstrated ability of evidence-based analytical tools to provide more efficient solutions than community-and/or expert-driven, qualitative approaches previously used to designate MPAs in New Zealand (also see Leathwick et al., 2008; Minin and Moilanen, 2012) . Current commitments to safeguard habitats and populations of species under Aichi Target 11 of the Convention of Biological Diversity necessitate the use of best available information, and our results provide important insights into the efficiency of the current network within this context. Our results also build on previous work demonstrating disproportionate ; contribution of the systematically planned scenario to representation (C); and the difference in the contribution that existing protection and an equivalent area identified using systematic conservation planning makes to representation (D). Average representation increases rapidly when existing protection is increased using systematic conservation planning tools (E).
S.W. Geange et al. Biological Conservation 210 (2017) 136-144 representation of habitats in New Zealand MPAs (Department of Conservation and Ministry of Fisheries, 2011), and show the degree to which previous MPA establishment processes in New Zealand have led to an over-representation of biodiversity around islands in the far north and south of New Zealand's territorial sea, but under representation of biodiversity typical of mainland coastal New Zealand. In particular, using a constrained dataset, this analysis has demonstrated how a network of equivalent area designed using Zonation as an evidence-based planning tool could provide three times more representation than our existing MPAs. When using Zonation, increases in the representation of coastal reef fishes was greater than for BOMEC and demersal fishes because many of the BOMEC and demersal fish classes cover large geographic areas (e.g., BOMEC class 3 and demersal fish class 2 occupy 23% and 14% of the territorial sea, respectively); consequently, the redistribution of protection alone is insufficient to increase the representation of these features without also increasing in the spatial extent of protection, which can be balanced against a significant minimization of the direct negative impacts on existing resource uses that would result from further area closures. Zonation therefore has the potential to implement multi-criteria MPA planning in which a range of trade-offs between conservation outcomes and resource uses can be evaluated and incorporated into MPA network planning, helping minimize planning conflicts between conserving current and future use and conservation goals. Our results intentionally focus on an integrated response across multiple biodiversity features. This is because the identity of data layers included in the analysis and their relative weightings will influence the responses of individual species and habitats, and in reality, the identity of existing use layers included in analyses would be determined by stakeholders. These would likely include recreational and cultural uses of the marine environment that were omitted from this analysis. However, we expect the general conclusions of our analysis (that trade-offs between conservation outcomes and resource uses can be evaluated and incorporated into MPA network planning, helping minimize planning conflicts between conserving current and future use and conservation goals) will hold true irrespective of the layers used.
Our analysis did not recognize that the suite of MPA management tools in New Zealand range from complete no take through to the selective exclusion of particular activities (e.g. seine netting, bottom trawling, dredging, potting, purse seining and gillnetting) (Department of Conservation and Ministry of Fisheries, 2005). Consequently, our Fig. 2 . Representation of individual BOMEC habitat groups (left) and demersal fish community groups (right) within New Zealand's existing MPAs (top) and an MPA network of an equivalent area designed using the systematic conservation planning tool Zonation (bottom). White bars indicate habitats or community groups with less than 10% representation, grey bars indicate habitats or community groups with 10-40% representation and black bars indicate habitats or community groups with more than 40% representation. Descriptions of BOMEC and demersal fish classes can be found in Leathwick et al., 2012 and Leathwick et al., 2006 , respectively. Fig. 3 . Representation of 71 species of coastal reef fish within New Zealand's existing MPAs (top) and a systematically designed MPA network of an equivalent area designed using the systematic conservation planning tool Zonation (bottom). White bars indicate species with less than 10% representation, grey bars indicate species with 10-40% representation and black bars indicate species with more than 40% representation. Codes on the x-axis refer to species names identified in Table A.1. S.W. Geange et al. Biological Conservation 210 (2017) 136-144 descriptions of the retention of existing resource use likely overestimate the costs to existing users. In future analyses, the recognition that some forms of extractive resource use are compatible with some MPA management tools or that some MPA tools can be beneficial to extractive resource users (e.g., through spill-over effects) will provide better estimates of costs to existing users. This will also provide an opportunity to implement a marine spatial planning approach whereby MPA tools that allow some extractive use can be zoned to support complete no take tools. For example, if managed in isolation, complete no take zones may be vulnerable to natural resource development and exploitation occurring outside these areas, including overfishing or the alteration or destruction of habitats. In a zoning approach, different MPA management tools that vary in their effectiveness in protecting biodiversity features could be used at different distances from areas identified as high priority for biodiversity. Such a hierarchical nesting of management tools can be used to help mitigate the impacts of neighbouring natural resource development and exploitation. However, accounting for the effectiveness of different MPA management tools in the design of MPA networks requires knowledge of the effectiveness of each tool at meeting conservation or use targets (which is often challenging) and setting how much each tool contributes to conservation or use during analyses, which is currently not implemented within the Zonation algorithm.
Of the spatial layers we used for biodiversity features, the BOMEC classification produces patterns that are only broadly consistent with sampled benthic distributions suggesting that it may be only suitable for applications at larger spatial scales (ca. over 100s km) (Bowden et al., 2011) , and although models underlying the demersal fish layers discriminate presence from absence of most species with a high degree of reliability, there is a weak relationship between model performance and species prevalence (Leathwick et al., 2006) . As these sets of layers rely on statistically calculated responses to explanatory environmental variables, an area of future investment could be remodelling these layers using updated environmental data to increase their reliability. Future investment in data collection and collation should also aim to broaden the suite of biodiversity features available for analysis, and this could include biogenic habitats (e.g., bryozoan beds, sponge communities, cold-water corals), low fecundity/high longevity species (e.g., bamble sharks, hapuku, convict grouper, orange roughy), areas containing co-occurring geographically restricted species (e.g., hydrothermal vents, seeps), areas important for life-history stages (e.g., spawning, breeding or nursery grounds, migratory corridors) or biological productivity (e.g., frontal zones, areas of upwelling), and areas containing species or habitats that have comparatively higher contributions to supporting ecosystem functions (e.g., high densities of bioturbators or filter feeding invertebrates). As more layers are added to an analysis the potential influence that correlations between input layers have on resulting outputs should be considered. For example, if an existing resource use layer (i.e., a negative weight feature) is highly correlated in space with biodiversity features (i.e., positively weighted features) the minimization of impacts on that use may be inefficient.
Although knowledge of the spatial distribution of biodiversity patterns is a crucial prerequisite for systematic conservation planning, there is widespread recognition of a general lack of good quality distributional data for marine biodiversity (Dunstan et al., 2012; Evans et al., 2015; Leaper et al., 2011; Mellin et al., 2011) . This reflects a range of factors including the costs of sampling, the difficulty of collecting adequate numbers of biological samples at depth, and the often-inadequate taxonomic knowledge of diverse marine species assemblages . Since complete biodiversity data are rare, surrogates are often used to guide conservation planning (Margules and Pressey, 2000; Margules et al., 2002; Sarkar et al., 2006; Wilson et al., 2009) . Achieving adequate representation across the range of surrogates is assumed to provide adequate representation of the biodiversity features that are not explicitly included in the analysis but are of primary interest to the planning process (Gladstone, 2002; Kati et al., 2004; Margules et al., 2002 ; although see Beger et al., 2007; Mumby et al., 2008 who show surrogates can also be a poor substitute for biodiversity). Examples of surrogates include species for which robust distributional data are available, habitats, and environmental factors that are assumed to play an influential role in determining the distribution of the full range of biodiversity (Hewitt et al., 2015; Mellin et al., 2011; Sutcliffe et al., 2015) . The use of surrogates is generally justified because collection of comprehensive biodiversity data would be prohibitively expensive, unacceptably postpone decision-making required to protect threatened biodiversity features, and delay decisions on resource use and allocation (Mellin et al., 2011) . On balance, the analyses presented here should be understood as using the best qualityassured data describing New Zealand's inshore marine biodiversity patterns, available at the present time, and that are of sufficient quality and scale to allow the robust demonstration of the advantages of marine conservation prioritization. Prioritization results from our analyses are primarily concerned with biodiversity representation. Future analyses should also consider representation alongside other MPA design principles such as adequacy, viability, replication and connectivity (Ballantine, 1997; Gaines et al., 2003; Kelleher, 1999; Roberts et al., 2003; Rondinini, 2010) to answer questions about where and how we can effectively achieve conservation goals Wilson et al., 2007) . This information can then be incorporated as technical support that sits within a broader decision-making context in which technical, social, economic, cultural and political interests together influence operational decisions; this allows the needs and values of a full range of stakeholders to be acknowledged and incorporated into the planning and implementation process (Knight et al., 2006; Kukkala and Moilanen, 2012; Margules and Pressey, 2000; Nelson et al., 2009; Pressey and Bottrill, 2008; Wilson et al., 2007) . These additional influences include consideration of implementation costs, lost opportunity for alternative uses (Moilanen et al., 2011; Pressey et al., 2007; Wilson et al., 2007) , threats and vulnerability (Brooks et al., 2006; Pressey et al., 2007; Wilson et al., 2006) and ecosystem services (Kukkala and Moilanen, 2012; Margules and Pressey, 2000; Naidoo et al., 2006; Nelson et al., 2009; Pressey and Bottrill, 2008) . For example, in New Zealand the use of Zonation as a decision support tool could occur within the context of collaborative MPA planning processes that facilitate consultation with stakeholders to develop recommendations on marine protection (e.g., as provided for under existing MPA Policy implementation -Department of Conservation and Ministry of Fisheries, 2005) . Similar collaborative MPA processes have been conducted internationally, including the California Marine Life Protection Act Initiative (Kirlin et al., 2013) , the UK Marine Conservation Zones Project (McVittie and Moran, 2010) , the Australian Great Barrier Reef Marine Park Representative Areas Program (Day et al., 2002; Fernandes et al., 2005) and the Lauru Land Conference and Nature Conservancy initiative in the Solomon Islands (Game et al., 2011) . Successful incorporation of evidence-based prioritization into such collaborative processes necessitates the development of robust protocols for incorporating the differing perspectives of stakeholders and technical experts (Weible, 2008) . In the absence of S.W. Geange et al. Biological Conservation 210 (2017) 136-144 these protocols, we have elected not to include mapped outputs here in fear of these being interpreted as prescriptive and hindering future participatory processes. Aspects requiring consideration by stakeholders include the identification of MPA objectives, the objectives of prioritization, which biodiversity features and costs layers to include, and their relative weightings. Stakeholders also provide insights into factors that have not been included in quantitative form within the analysis (for example cultural and/or spiritual values which are often difficult to spatialize) and context within which prioritization results are interpreted and translated into informative recommendations for action (Lehtomäki and Moilanen, 2013) . Refinement of our analyses to a level capable of supporting full operational planning could be realistically achieved with a collaboratively developed dataset representing more completely the range of New Zealand marine biodiversity and uses to model additional biodiversity patterns and processes (as in Compton et al., 2013) , and using an integrative analysis of these to underpin a dual technical/participatory approach to MPA planning in New Zealand. The use of conservation prioritization tools has the potential to increase the efficiency in which marine conservation goals and obligations under international agreements such as the United Nations Convention on Biological Diversity are met. The approach used here is directly and broadly applicable to similar multi-objective prioritization analyses elsewhere in the world where a balance between conservation and resource use is sought (Moilanen et al., 2011) , and we found qualitatively similar results to those presented here when we applied the same methodology to New Zealand's EEZ. However, it is important that the technical process documented here is not operated in isolation. Instead, it should be managed as a decision-support tool within a broader social process that brings together multiple users of the ocean (including energy, fisheries, government conservation, recreation and cultural) to make informed and coordinated decisions about how to use marine resources sustainably, where conservation is one of the 'uses' of the sea. The full range of players with a stake in the management of marine ecosystems and their resources can iteratively apply these analytical tools within a marine spatial planning context, developing alternative analyses to show the consequences of using different combinations of data, and/or with different degrees of allowance for alternative uses. Using evidence-based tools in this way can foster a collaborative approach to MPA design in which evidencebased decision-making reduces stakeholder conflict leading to outcomes that are well informed, efficient and socially enduring.
